1. Introduction
===============

Spondylolisthesis, including degenerative spondylolisthesis (DS) and isthmic spondylolisthesis (IS), is a common degenerative spinal disease, described as a condition that compared to lower vertebral body, upper vertebral body shift forward with an intact neural arch^\[[@R1]--[@R3]\]^. Two-level DS (TLDS) is 2 consecutive vertebral body shift forward with an intact neural arch, similarly single-level DS (SLDS) is only 1 vertebral body shift forward. Garet et al^\[[@R4]\]^ reported that incidence of spondylolysis ranges from approximately 6% to 11.5% in the general population. DS is an important type of spondylolisthesis and lumbar degenerative disorder leading to low back pain, disability, and neurological deficit.^\[[@R3]--[@R5]\]^ Previously, we only pay attention to regional problem in treatment of DS, as a neural decompression and obtaining a bony fusion. Along with development of spine, sagittal alignment is considered as an important key in surgical treatment for spinal degenerative diseases.^\[[@R2]--[@R10]\]^

Duval-Beaupère et al^\[[@R11]\]^ described pelvic incidence (PI), a fundamental anatomical parameter, which is unique for each individual and does not depend on the position or spatial orientation of the pelvis. Also Duval-Beaupère^\[[@R12]\]^ was the first to put forward the importance of pelvic indexes and their relationship (PI = PT + SS). PI is closely related to sacral slope (SS) and pelvic tilt (PT), 2 position-dependent variables that determine pelvic orientation in the sagittal plane. A series of studies reported spino-pelvic parameters were important factors for degeneration spinal diseases, such as lumbar disc degeneration or lumbar disc herniation (LDH) and DS^\[[@R13]--[@R18]\]^. Rajnics and Endo^\[[@R15],[@R16]\]^ reported a common pattern of spinopelvic sagittal alignment in patients with LDH, which is characterized by lower SS, lower lumbar lordosis (LL), and anterior translation of the C7 plumb line. Sanderson and Fraser^\[[@R19]\]^ and Matsunaga et al^\[[@R20]\]^ reported that pregnancy and joint laxity may lead to DS. Sato et al^\[[@R21]\]^ demonstrated that the configuration of the laminas and sagittal facet joints were contributing factors for DS. Funao et al^\[[@R22]\]^ showed that greater PI may be predisposing factors to the development and the progression of vertebral slip due to DS.

Relatively few published studies discussed the characteristics of sagittal alignment in patients with DS, especially 2-level, which is rare in clinic. The purpose of our work is to explore the sagittal parameters for TLDS and compare the difference between TLDS and SLDS in sagittal parameters, providing some suggestions for surgical treatment in 2-level lumbar DS in clinic. In addition, we try to explore the etiology of TLDS.

2. Materials and methods
========================

2.1. Subjects
-------------

The study was approved by the Institutional Review Board of the Third Hospital of HeBei Medical University before data collection and analysis. The inclusion criteria included lumbar spondylolisthesis with bilateral intact neural arches, belong to low grade (Meyerding I--II) and subjects adopt the standard position which is hands on clavicles. The exclusion criteria consisted of patients with IS, have history of any spinal surgery (including simple lumbar discectomy), have spinal deformities (including scoliosis, irregular endplate, sacralization, or lumbarization), have spinal trauma or tumors, absence of arthropathy in the lower limbs, and belong to high grade (Meyerding III--IV). A total of 15 patients with TLDS (8 subjects with L3--L4 spondylolisthesis and 7 subjects with L4--L5 spondylolisthesis) and 40 patients with SLDS (18 subjects with L4 spondylolisthesis and 22 subjects with L5 spondylolisthesis) were included in our study from the Third Hospital of HeBei Medical University in this study, from January 2013 to September 2015. Besides, 30 volunteers without symptom took part in our study from January 2013 to September 2015.

2.2. Radiological assessment
----------------------------

Lateral full spine X-ray for each subject was measured to assess sagittal alignment of the spine. The subject assumed a comfortable standing position with the knees fully extended and upper limbs raised horizontally forward at 45° of flexion at the shoulder resting on 2 arm supports. The following variables were measured as follows---PI: defined as the angle between the perpendicular to the upper sacral endplate at its midpoint and the line connecting this point to the femoral head. PT: Angle between vertical line and line joining hip axisa to center of superior endplate of S1. SS: Angle between superior endplate of S1 and horizontal line. LL: Segmental angle of superior endplate of L1 and superior endplate of S1. Cobb from the fifth thoracic vertebral to 12th thoracic vertebral (T5--T12) (TK): Cobb angle of superior endplate of T1 and inferior endplate of T12. PI--LL: Angle equals PI minus LL. Sagittal vertical axis (SVA): The horizontal distance between the posterior corner of the sacrum and the C7 plumb line. A positive value was defined when the sacral posterior corner landed in front of the C7 plumb line. Segmental Cobb angle of spondylolisthesis level (CSL): Segmental Cobb angle of superior endplate of spondylolisthesis vertebral and superior endplate of lower spondylolisthesis vertebral. CSL/LL: Divided Cobb of spondylolisthesis level by LL. LL over PI: Linear correlation between LL and PI. SS over PI: Linear correlation between SS and PI. Body mass index (BMI): Divided weight (kg) by the square of height (m).

2.3. Statistical analysis
-------------------------

The methods were carried out in accordance with the approved guidelines. Two authors identified and collected all the data of patients according to inclusion criteria and exclusion criteria. In addition, 2 authors (TW and HW) were responsible for data analyses. All measurement data are presented as the mean ± standard deviation when data satisfied criteria for normality with *P* \> 0.05. Otherwise, it should be presented as median (interquartile range). These PI, PT, LL, SS, PT/SS, T5-T1, SVA, CSL, age, BMI, and CSL/LL satisfied criteria for normality and homogeneity of variance; statistical analysis between groups was performed using independent samples *t* test. In addition, count data, like sex (male/female), chi-square test was used for data analysis. The Kolmogorov--Smirnoff test was used to verify the normal data distribution. LL over PI and SS over PI were tested by linear regression model. Statistical significance levels were considered to be *P* \< 0.05. All statistical analyses were carried out using SPSS, version 21.0 (SPSS Inc., Chicago, IL).

3. Results
==========

No significant differences in the age, gender, BMI, and T5 to T12 among 3 groups were noticed. The PI (73.1° ± 4.5°), SS (50.8° ± 3.9°), LL (53.1° ± 2.8°), SVA (66.1 ± 4.7 mm), PI--LL (20.0° ± 3.8°), and CSL (23.6° ± 2.2°) for TLDS were significantly larger than the PI (52.9° ± 4.8°), SS (32.2° ± 3.6°), LL (46.9° ± 3.5°), SVA (22.0 ± 8.0 mm), PI--LL (6.0° ± 1.3°), and CSL (20.0° ± 3.0°) for SLDS. Nevertheless, the PT/SS (44.0% ± 10.0%) for TLDS was significantly lower than PT/SS (63.8% ± 8.0%) for SLDS (Table [1](#T1){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}A and B). The PI (73.1° ± 4.5°), PT (22.3° ± 3.6°), SS (50.8° ± 3.9°), LL (53.1° ± 2.8°), PI--LL (20.0° ± 3.8°), and SVA (66.1 ± 4.7 mm) for TLDS were significantly larger than the PI (40.6° ± 5.0°), PT (17.1° ± 2.6°), SS (23.5° ± 3.6°), LL (32.5° ± 6.0°), PI--LL (8.1° ± 2.0°), and SVA (17.0 ± 8.0 mm) for normal group (NG). However, the PT/SS (44.0% ± 10.0%) for TLDS were significantly lower than PT/SS (74.0% ± 12.8%) for NG (Table [2](#T2){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}A and C). The PI (52.9° ± 4.8°), PT (21.0° ± 3.0°), SS (32.2° ± 3.6°), LL (46.9° ± 3.5°), and SVA (22.0 ± 8.0 mm) for SLDS were significantly higher than the PI (40.6° ± 5.0°), PT (17.1° ± 2.6°), SS (23.5° ± 3.6°), LL (32.5° ± 6.0°), and SVA (17.0 ± 8.0 mm) for NG. However, the PI--LL (6.0° ± 1.3°) and PT/SS (63.8% ± 8.0%) values for SLDS were significantly lower than PI--LL (8.1° ± 2.0°) and PT/SS (74.0% ± 12.8%) for NG (Table [3](#T3){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}B and C).

###### 

Comparison of spino-pelvic parameters between 2-level degenerative lumbar spondylolisthesis and single-level degenerative lumbar spondylolisthesis.
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![(A) A male, 47-year old. The lateral full spine X-ray shows L3 to L4 spondylolisthesis. PI = 72°, PT = 31°, SS = 41°, LL = 52°, T5 to 12 = 20°, CSL = 22°. (B) A male, 49-year old. A lateral full spine X-ray shows L5 spondylolisthesis. PI = 54°, PT = 21°, SS = 33°, LL = 54°, T5 to 12 = 36°, CSL = 26°. (C) A male, 48-year old. A lateral full spine X-ray shows no lumbar spondylolisthesis. PI = 44°, PT = 14°, SS = 30°, LL = 28°, T5 to 12 = 9. CSL = Cobb angle of spondylolisthesis level, LL = lumbar lordosis, PI = pelvic incidence, PT = pelvic tilt, SS = sacral slope, SVA = sagittal vertical axis, T5 to T12 = Cobb from the fifth thoracic vertebral to 12th thoracic vertebral.](md-95-e5417-g002){#F1}

###### 

Comparison of spino-pelvic parameters between 2-level degenerative lumbar spondylolisthesis and normal group.
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###### 

Comparison of spino-pelvic parameters between single-level degenerative lumbar spondylolisthesis and normal group.
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With regard to the relationship between PI and positional parameters, SS and LL correlated well with PI in both TLDS and SLDS. The trend line of SS over PI (y = 10.79 + 0.55x, *r* = 0.408) and LL over PI (y = 0.39x + 24.25 *r* = 0.364) in TLDS were markedly upward as compared to SLDS (y = 0.65x − 2.09 *r* = 0.788; y = 0.41x + 25 *r* = 0.671, respectively); however, the slopes of equation of TLDS in SS over PI and LL over PI were smaller, compared to SLDS (Figs. [2](#F2){ref-type="fig"}A, [2](#F2){ref-type="fig"}B, [3](#F3){ref-type="fig"}A, [3](#F3){ref-type="fig"}B). Regarding the relationship between PI and positional parameters, SS and LL correlated well with PI in both TLDS and NG. The trend line of SS over PI (y = 10.79 + 0.55x, *r* = 0.408) and LL over PI (y = 0.39x + 24.25 *r* = 0.364) in TLDS were markedly upward as compared to NG (y = 0.67x − 3.9 *r* = 0.512; *y* = 0.49x + 13.09 *r* = 0.498, respectively); however, the slopes of equation of TLDS in SS over PI and LL over PI were smaller, compared to NG (Figs. [2](#F2){ref-type="fig"}A, [2](#F2){ref-type="fig"}C, [3](#F3){ref-type="fig"}A, [3](#F3){ref-type="fig"}C). Regarding the relationship between PI and positional parameters, SS and LL correlated well with PI in both SLDS and NG. The trend line of SS over PI (y = 0.65x − 2.09 *r* = 0.788) and LL over PI (y = 0.41x + 25 *r* = 0.671) in SLDS were markedly upward as compared to NG (y = 0.67x − 3.9 *r* = 0.512; *y* = 0.49x + 13.09 *r* = 0.498, respectively); however, the slopes of equation of SLDS in SS over PI and LL over PI were smaller, compared to NG (Figs. [2](#F2){ref-type="fig"}B, [2](#F2){ref-type="fig"}C, [3](#F3){ref-type="fig"}B, [3](#F3){ref-type="fig"}C).

![Correlation between pelvic incidence (PI) and sacral slope (SS) in among 2-level DS (TLDS) (A), single-level DS (SLDS) (B) and normal group (NG) (C). The line in TLDS is above that line in SLDS and the same tendency between SLDS and NG. However, the slope of line in TLDS is below the slope of line in SLDS, which suggests that the trend line of SS over PI in TLDS was downward when compared with SLDS and the same tendency between SLDS and NG.](md-95-e5417-g005){#F2}

![Correlation between pelvic incidence (PI) and lumbar lordosis in among 2-level DS (TLDS) (A), single-level DS (SLDS) (B), and normal group (NG) (C). The line in TLDS is above that line in SLDS and the same tendency between SLDS and NG. However, the slope of line in TLDS is below the slope of line in SLDS, which suggests that the trend line of sacral slope over PI in TLDS was downward when compared with SLDS and the same tendency between SLDS and NG.](md-95-e5417-g006){#F3}

4. Discussion
=============

Spinopelvic sagittal alignment accompanied with biomechanical changes has been demonstrated in previous studies in the pathogenesis and development of lumbar degenerative diseases.^\[[@R22]--[@R24]\]^ Lim and Kim^\[[@R25]\]^ analyzed the differences of spinopelvic parameters between DS and IS and found that both DS and IS patients had a greater PI. He also reported that DS populations were likely to have higher SVA, compared to IS populations. Roussouly et al^\[[@R26]\]^ noted 2 different subgroups of sacro-pelvic balance for low-grade spondylolisthesis: the shear type (patients with high PI and SS have increased shear stresses at the lumbo-sacral junction, causing more tension on the pars interarticularis at L5); the nutcracker type (patients with a low PI and a smaller SS would have impingement of the posterior elements of L5 between L4 and S1 during extension. Based on K-means cluster analysis, Labelle et al^\[[@R27]\]^ and Mac-Thiong et al^\[[@R28]\]^ supported Roussouly opinion. To our knowledge, few studies focused on the spino-pelvic parameters for TLDS. The purpose of this study is to explore the sagittal spino-pelvic parameters for TLDS and compare between TLDS and SLDS in sagittal parameters. In addition, we try to explore the etiology of TLDS.

In our study, TLDS have higher PI, SS, SVA, PI--LL, and CSL than those in SLDS and the similar tend between SLDS and NG, PI, PT, SS, LL, PI--LL, and SVA are higher in SLDS groups. The trend lines of SS over PI and LL over PI in TLDS were markedly upward as compared to SLDS; however, the slopes of equation of TLDS in SS over PI and LL over PI were smaller, compared to SLDS. The same tendency occurred between SLDS and NG.

We analyzed between TLDS and SLDS according to difference of spondylolisthesis level and discovered that patients with TLDS had significantly larger PI (73.1°), SS (50.8°), LL (53.1°), PI--LL (20.0°), CSL (23.6°), and SVA (66.1 mm) than PI (52.9°), SS (32.2°), LL (46.9°), PI--LL (6.0°), CSL (20.0°), and SVA (22.0 mm) in SLDS. According to Ferrero,^\[[@R30]\]^ when PT ≥ 22°, SVA ≥ 47 mm, and PI--LL ≥ 11°, we regard spine as sagittal imbalance. Obviously, in our study, TLDS have a severe sagittal imbalance, but SLDS have not any. Initially, the shape of the pelvis, characterized by PI, processes retroversion. But as a compensatory mechanism, high SS and low LL would prevent sagittal imbalance. As time goes on, due to loss of compensatory mechanism, patients with high PI would have high SS and high LL, which generates a large amount of force on posterior facet joints, causing these mechanical stresses on posterior facets and accelerating facet arthrosis. The posterior facets arthrosis is associated with a significant inclination of the SS predispose slipping. This high lordosis induces a significant anterior displacement of the C7 plumbline and center of gravity. Serious loss of compensatory has high PI leading to TLDS. The factors, mentioned above, caused sagittal imbalance for patients with TLDS. Hence, the surgical treatment for TLDS is different from that for SLDS. As for SLDS, we select operative method to solve regional problem, as decompressed never root and bone fusion, but for TLDS, globe spine sagittal alignment should be considered in surgical choice.

Mac-Thiong et al^\[[@R28]\]^ indicated the position of the pelvis by the ratio of PT to SS (PT/SS). Our data showed significantly lower PT/SS in patients with TLDS than that in SLDS (43.0% and 68.3%, respectively) and lower PT/SS in SLDS compared to NG (68.3% and 74%, respectively), suggesting that a greater pelvic retroversion was with TLDS. As we know, a regional sagittal imbalance of the index segment is first compensated by adjacent mobile segments and then second by the pelvic orientation if the former compensation becomes insufficient.^\[[@R24],[@R29]\]^ With SLDS, a significant extension of these segments should be alerted due to loss of compensation. TLDS has 2 level of spondylolisthesis, so it has more serious loss of compensation, causing the deeper the pelvis forward with larger PI, SS, PT, PI--LL, and SVA, implying that TLDS have a sagittal imbalance.

We found that patients with TLDS have a sagittal imbalance; the initial factors leading to these are worth studying. Ferrero et al^\[[@R30]\]^ and Lim and Kim^\[[@R25]\]^ have proven that high PI was the reason for DS. In addition, Vialle^\[[@R31]\]^ reported that a high PI is a predisposing factor of lumbar spondylolisthesis because PI is the arithmetic summation of SS and PT, meaning that high PI will necessarily predispose to a high SS and/or PT, and a high SS predisposes to a high LL in an attempt of the trunk to compensate and maintain the trunk centered over the femoral heads. We supported theirs. In addition, we observed the changing tendency of SS over PI and LL over PI among 3 groups and found that the relationship between PI and LL has more severe mismatches in TLDS, which suggested that in addition to high PI, other factors play significant roles in increasing the value of SS and LL in the patients with TLDS. The LL will structurally increase as a result of SS that gradually increases. Above all, TLDS was caused by multiple factors, and PI was a predicted factor.

The present study has several limitations. First, relatively low incidence of TLDS leads to a small sample size; second, this was just a retrospective study, and we also need a prospective study to explore the change progress of spondylolisthesis from the beginning; third, these data just form single center, and we need multicenter data in further study. However, to the best of our knowledge, this is the first report to explore sagittal spino-pelvic parameters for SLDS and compare it with TLDS and NG.

In conclusion, patients with TLDS had different sagittal alignments, compared to SLDS. Our studies showed that TLDS with higher PI, SVA, and PI--LL have severe sagittal imbalance, but SLDS have not any. So, the surgical selection for TLDS and SLDS is different. In order to improve clinical and functional outcome, correct and restore global sagittal alignment must be considered in treatment for TLDS. TLDS was caused by multiple factors, and PI was a predicted factor.

Abbreviations: BMI = body mass index, CSL = Cobb angle of spondylolisthesis level, DS = degenerative spondylolisthesis, IS = isthmic spondylolisthesis, LL = lumbar lordosis, NG = normal group, PI = pelvic incidence, PT = pelvic tilt, SLDS = single-level DS, SS = sacral slope, SVA = sagittal vertical axis, T5--T12 = Cobb from the fifth thoracic vertebral to 12th thoracic vertebral, TLDS = 2-level DS.
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